A composition σ = a 1 a 2 . . . a m of n is an ordered collection of positive integers whose sum is n. An element a i in σ is a strong (weak) record if a i > a j (a i ≥ a j ) for all j = 1, 2, . . . , i − 1. Furthermore, the position of this record is i. We derive generating functions for the total number of strong (weak) records in all compositions of n, as well as for the sum of the positions of the records in all compositions of n, where the parts a i belong to
A composition σ = σ 1 σ 2 . . . σ m of n is an ordered collection of positive integers whose sum is n. Thus a composition σ of n with parts in A is a restricted word over the alphabet A. We denote the set of all compositions of n with m parts in A by C A (n, m). It is well known that the number of compositions of n ≥ 1 with m parts in N is given by  n−1 m−1

and that the total number of compositions of n is 2 n−1 . In this paper we find generating functions for these parameters, number of strong records, number of weak records, sum of positions of strong records, and sum of positions of weak records in a random composition of n with m parts in A = [d] := {1, 2, . . . , d} or A = N. We also study the mean values of these parameters as n → ∞ in the case A = N by means of rational function asymptotics and Mellin transforms.
We remark that recently Hitczenko and Louchard [5] introduced a probabilistic approach to studying compositions, by showing that a random composition of n behaves asymptotically like a sample of geometrically distributed random variables with parameter p = 1/2. Using their methods would then allow one to link record statistics in compositions to record statistics in geometric samples as studied by Prodinger in [12, 11] . By contrast, the approach of the current paper is combinatorial, rather than probabilistic, and gives a self-contained analysis of records in compositions via generating functions.
Number of strong records and weak records
Let NSR A (z, y, q) and NWR A (z, y, q) be the generating functions for the number of compositions of n with m parts in A according to the number of strong and weak records, respectively, that is,
where nsr(σ ) and nwr(σ ) are the number of strong and weak records in composition σ , respectively. In this section we find explicit formulas for those generating functions for the set
Notation. We denote the number of occurrences of the part d in the composition σ ∈ C [d] (n, m) by ℓ(σ ).
Theorem 1. The generating function NSR
Proof. Let us write an equation for the generating function NSR [d] (z, y, q). The contribution of the case ℓ(σ ) = 0 is given by 
Therefore,
For q = 1 we have the generating function for the number of compositions of n with m parts in [d] , which is given by (see for example [4] ),
Hence,
Now from Theorem 1 we get that
denote the sum over all compositions σ of n of the number of strong records in σ . Let
n be the generating function of the sequence f n . Hence, the generating function f (z) is given by 
Here and in the rest of the paper, L = log 2; γ is Euler's constant and δ(x) is a periodic function of period 1 and mean 0 and small amplitude, which is given by the Fourier series
The complex numbers χ k are given by
Proof. Firstly by summing the finite geometric series and using partial fraction decomposition,
Hence the average number E s n of strong records in compositions of n satisfies
Let ρ k be the smallest positive root of the denominator polynomial 1 −2z +z k that lies between 1/2 and 1. An application of the principle of the argument or Rouche's Theorem shows such a root to exist with all other roots of modulus greater than 3/4. By dominant pole analysis,
for large n but fixed k. The denominator polynomial 1 − 2z + z k behaves like a perturbation of 1 − 2z near z = 1/2, so one expects ρ k to be approximated by 1 2 as k → ∞. By ''bootstrapping'' we find that
and hence c k = 1 4
The use of this approximation can be justified for a wide range of values of k and n (see for example [3] or [7] ). To obtain the estimates for q n,k , we look at three different ranges for the values of 2 −k . First, we restrict our attention to those k for which n
 , then using the given upper and lower bounds on k,
Turning next to smaller values of k ≥ 2, that is, k such that 2 −k > log n n , we find that now the coefficients q n,k are relatively
Finally we must consider larger values of k ≤ n that is, k for which
In this range we find that
Then combining the estimates for q n,k over the range 2 ≤ k ≤ n above,
as the additional tail sum 
The asymptotic estimate for E s n follows.
Remark. Asymptotically we find that the expected number of strict records is half the expected size of the largest part in a random composition of n (see [10] ).
Theorem 3. The generating function NWR
Proof. Let us write an equation for the generating function NWR [d] (z, y, q). The contribution of the case ℓ(σ ) = 0 is given by 
.
For q = 1 we have NWR [d] (z, y, 1) which is given by the right-hand side of (1). Hence,
The generating function for the total number of weak records in compositions over N is then
Theorem 4. The average number E w n of weak records in the context of compositions of n has the asymptotic expansion
Proof. The average number E w n of weak records in compositions of n satisfies
Then using the q n,k notation as in (2),
The asymptotic estimate then follows from that of Theorem 2.
At the end of the next section, we present a combinatorial explanation for the fact that the total number of weak records in compositions of n plus 2 n−1 equals the total number of strong records in compositions of n + 1, for n ≥ 1.
The statistics ssrec and swrec on the set of compositions
Let PSR A (z, y, q) and PWR A (z, y, q) be the generating function for the number of compositions of n with m parts in A according to the statistic ssrec and swrec, respectively, that is,
Theorem 5. The generating function PSR [d] (z, y, q) is given by
Proof. We write an equation for the generating function PSR [d] (z, y, q) . The contribution of the case ℓ(σ ) = 0 is given by Therefore,
For q = 1 we have PSR [d] (z, y, 1) which is given by the right-hand side of (1). Hence,
. . .
Iterating the above recurrence relation d times we get the desired result.
Corollary 6. The generating function
Proof. From (7) we have
Using the fact that PSR [d] (z, y, 1) is given by the right-hand side of (1), we get that
Iterating the above recurrence relation d times and using the initial condition v 0 (z) = 0 we get that
as claimed.
The above corollary gives that the generating function for the number of compositions of n with parts in N according to the statistic ssrec is given by 
Proof. Firstly we rewrite v(z) in the form
The right hand side is
For readability we do not give explicit O-estimates for the error terms below, except where directly relevant. The notation ∼ will be used in all cases where the respective O-terms are majorized by explicit O-terms appearing elsewhere in the calculations, and always bearing in mind that we want an overall error that is o(n) in magnitude.
We deal with the second sum first. Now with ρ k as in (3),
Then as in the proof of Theorem 2 we find that for wide ranges of k with 2 ≤ k ≤ n, and n sufficiently large,
so that by using (6)
Now for Σ 1 we must consider
We need to estimate
As in the proof of Theorem 2
Now rewrite
By considering the last sum for k ≤ 3 log 2 n and k > 3 log 2 n we get the bound
It remains to estimate
Now by splitting the sum into k < log 2 n, log 2 n < k < 3 log 2 n and k > 3 log 2 n we can show that
weak records in all compositions of n is the same multiset as all positions i, i > 
